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Abstract
The main objective of the thesis is to explore the theory of adsorption on a surface with a priori heterogeneity. As real catalytic surfaces are heterogeneous, such a study would be of importance in understanding catalysis. Basically a study is made of the adsorption integral equation and the adsorption isotherms. While pursuing this work, the following new mathematical tools have been used for the first time; (1) the theory of finite and infinite Hubert transforms; (2) the higher order Stieltjes transforms, and (3) the theory of Stieltjes integrals. New isotherms have been postulated; the known isotherms theoretically explored for their validity. A transient analysis of the gas-solid stirred reactor is made. From this theory adsorption and desorptlon rates as well as their correct kinetic models can be determined, A self consistent experimental scheme which enables the measurement of all quantities important in adsorption theory is outlined, On adsorption isotherms The work done in the theory of adsorption can be put in a nutshell as follows: The surface is assumed to be a cluster of homotattic patches randomly distributed, with the adsorption potential and the heat of adsorption varying from patch to patch. Assuming lateral immobility on the surface, the overall integral equation for the isotherm has been written, which forms the basis for all further treatments of the problem. Depending on the limits [Q1,Q2] of the basic equation, the problem can be classified into two distinct categories; (1) the infinite limit problem in which one of the limits is infinity, and (2) the finite limit problem in which both have finite values. A rigorous criterion for this classification is outlined; this is based on the value of the norm of the kernel of the transformed integral equation. Several possible isotherms for the infinite limit case have been considered. All these isotherms are functions of temperature and a temperature dependent dimensionless group ?[? = kT/Xm]. Xm is the theoretical maximum heat of adsorption when surface coverage is extrapolated to zero. Solutions can be found by using the method of Sips based on Stieltjes transforms. An original alternative method of solution using Hubert transforms has been suggested in this work. Sip's method and the original Hubert transform method give the same results validating the present work. While some of these forms have been used successfully, it is shown that solutions cannot exist for many of them, As such the impossibility of certain forms can be known a priori. It is shown that only certain functional forms are amenable to solution. These forms should be capable of expansion in fractional powers of [bo/p+1]. Using Stieltjes transforms it is shown that any isotherm for which the surface coverage approaches unity when p ->OO, will have the distribution corresponding to it normalized. The converse of this has also been shown to be true. An analytical expression for the differential heat is given as a ratio of two second-order Stieltjes transforms. If the distribution is postulated, we can directly write the differential heat as a function of pressure. If the isotherm is postulated, we can find the distribution by standard methods and then use it in the same equation mentioned as above to get the dependence of the differential heat on surface coverage. This result also suggests that, as possible isotherms, only functional forms given by a specific equation can be considered. The finite limit problem is solved by reducing the adsorption integral equation to the well known Air-foil equation. The solution is effected by means of the theory of the finite Hubert transforms. Much physical meaning can be attributed to these solutions. We find the solutions are basically of two classes, one of Lp with 0 < p < 4/3, and another one if with p = 2, Of these, the solution of the LI+? class, ?->0 is the most fundamental as ?[Q], the distribution representing the abundance of the sites, has to be convergent. When the distribution characterizing the surface is a combination of the discrete and the continuous, the methods outlined in the previous paragraphs are inadequate. In general no analytical solution exists for the adsorption integral equation. However, invoking the concept of the Stieltjes integral, the Langmuir isotherm for a patch wise heterogeneous surface is derived. Also using a mean value theorem of the Stieltjes integral the functional form of the generalized isotherm is deduced. This isotherm bears strong resemblance to the Fowler-Guggenheim isotherm. The result is independent of the complexity of the distribution, A number of paradoxes have been analyzed in the present work. The generalized isotherm derived using the mean value of theorem of the Stieltjes Integral rationalizes a long standing paradox, namely the simple Langmuir equation derived for a horaotattic pati? holds good for a rare complex situation. Another artifact is clearly seen by deriving an isotherm analogous to the Temkin-Levich case. It is shown that a distribution with a maximum behaves as if it possesses a non-aero value only in a small range near the maximum where it is constant. Finally the case of chemisorptlon accompanied by chemical reaction is examined. Assuming adsorption equilibrium, two cases are considered; (1) Activation energy at each of the patches is independent of the heat of adsorption. In this ease the Arrhenius law does not hold for the rate constant, but the reaction rate exhibits the same parfcial pressure dependence as the adsorption isotherm. (2) Activation energy is dependent on the heat of adsorption. In this casa the Arrhenius law holds, but the partial pressure dependence of the reaction rate is stronger than that in the case of adsorption without chemical reaction. Transient analysis of a stirred gas-solid reactor The basic idea behind the transient analysis is to determine adsorption and desorption rates independently of each other. The main features of this work are listed step wise below: 
1. The reactor is operated in the batch mode. There can be two kinds of adsorption kinetics which are usually operative, namely: 
(1) Elovich type, (2) linear type. In the linear reversible type a limiting gas phase concentration is clearly a unique feature. Thus a discrimination is achieved between the linear and Elovich types. 2. Having discriminated between the Elovich and linear types of adsorption kinetics, the next objective is to confirm the chosen model. For this purpose the stirred reactor is operated in the continuous mode. In the +ve F test a stream of adsorbate tracer is introduced at the inlet and its exit concentration followed as a function of time. The first differentiation is between the slow and fast types of adsorption. In the slow type the gas phase concentration at the exit is not affected by adsorption and a discrimination is not possible among the various kinetic models. In the overall material balance equation the term due to adsorption is neglected. For the fast type the adsorption term is included in the overall material balance, he exit stream gas phase concentrations are now lesser. Making use of the expressions for the gas phase concentrations as a function of time, a plausible adsorption kinetic model can be arrived at. 3f In the present case also the stirred reactor is operated in the continuous mode. A steady stream of the adsorbate is cut off at time t and its exit concentration is followed as a function of time, [~ve F test]. Here also a discrimination is made between the slow and fast desorptlon types. In the slow type of desorption the gas-phase concentration fall with time will be like in the case of nonadsorbate tracer and effects of desorption can be neglected. On the other hand the gas phase concentration is enhanced by fast desorption. Using the expressions developed for the gas phase concentrations as a function of time it is possible to arrive at the final kinetic model for desorption. 4* We combine the models of desorption and adsorption obtained as above to arrive at a theoretical isotherm. By keeping the overall residence time high the reactor can be operated under conditions of adsorption equilibrium. From the +Ve F test adsorption Isotherm as well as the adsorption parameters can be determined. The reactor is again operated under conditions of adsorption equilibrium in the -ve F test and the conclusions of the +ve F test are again reaffirmed. 


